ABSTRACT -Pre-harvest desiccation is an important strategy to anticipate harvesting, preventing the seed from being left in the field in unfavorable climatic conditions. However, little is known about the use of desiccants and their application times on cowpea (Vigna unguiculata). The objective of this study was to evaluate the effect of desiccant application at different seasons and of desiccant herbicides on productivity and physiological quality of cowpea seeds. Five dessicants were evaluated: paraquat, paraquat sequential application, glufosinate-ammonium, glyphosate with sequential application of paraquat and paraquat + diuron mixture applied in four seasons: 50% of the pods with green coloration and with seeds formed (season I); 70% of the pods in the purple coloration (season II), 90% of the pods in the coloration brown (season III) and 100% of the pods in the coloration brown (season IV), plus a control without the application of desiccants, in which harvesting was performed when 100% of the pods were brown. The number of days of anticipation of harvest, productivity, uniformity test, mass of one hundred seeds, germination and vigor of the seeds were evaluated. None of desiccation strategies affect the physiological seed quality, independent of the application season. The desquaments paraquat, glufosinate-ammonium and the paraquat+diuron mixture, when applied in seasons I and II, provided anticipation of the harvest in up to 13 days and 9 days, respectively, however, the size of the seeds and consequently the productivity were affected.
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RESUMO -A dessecação pré-colheita é uma estratégia importante no sentido de antecipar a colheita, evitando que a semente fique no campo em condições climáticas desfavoráveis. No entanto, pouco se sabe sobre o uso de dessecantes e as épocas de aplicação destes na cultura do feijão-caupi (Vigna unguiculata).
Objetivou-se neste trabalho avaliar efeito da aplicação de dessecantes em diferentes épocas e de herbicidas dessecantes sobre a produtividade e a qualidade fisiológica de sementes de feijão-caupi. Foram avaliados cinco dessecantes: paraquat, aplicação sequencial de paraquat, amonio-glufosinate, glyphosate com aplicação sequencial de paraquat e mistura paraquat+diuron aplicados em quatro épocas: 50% das vagens com sementes formadas, com coloração verde (época I), 70% das vagens na coloração roxa (época II), 90% das vagens na coloração marrom (época III) e 100% das vagens na coloração marrom (época IV
)
INTRODUCTION
Cowpea (Vigna unguiculata (L.) Walp.), commonly called black-eyed peas or macassar bean, is a species traditionally cultivated by producers in the North and Northeast of Brazil, who generally use low technological level (Freire Filho et al., 2011) , involving manual harvesting of the pods. However, in recent years there has been an improvement in the technological level in these regions and in the expansion of the cultivated area in the country, especially in the Midwest region, where, according to Teixeira et al. (2010) , the culture is in full expansion under the mold of business agriculture, with fully mechanized farming.
To produce seeds, the harvest should be carried out at or near the physiological maturity, as the delay may negatively influence the quality of the seeds due to their exposure to possible unfavorable environmental conditions (Terasawa et al., 2009 ). However, Nogueira et al. (2014) , evaluating the development and physiological quality of cowpea seeds, verified that in the physiological maturity the water content of the seeds was 53.6%; according to Terasawa et al. (2009) , seeds with high water content make mechanized harvesting impossible, as there are difficulties for picking and trail, as well as the occurrence of severe levels of mechanical damage by kneading. As a result, farmers await the reduction of the seed water content and the natural defoliation of the plant and begin harvesting as soon as possible.
However, unlike crops of soybeans (Glycine max) and common bean (Phaseolus vulgaris), which have defoliation and natural death of the plant concomitantly to the drying of the pods, in the cowpea, the plant continues with green leaves and branches, which hinder the harvest even after the seeds reach the moisture content at compatible levels for the mechanized harvest (14% to 18%).
In view of the above, it is necessary to apply desiccant herbicides as a strategy to anticipate the harvest, which reduces the time the seeds remain in the field and consequent exposure to the weather, preserving the physiological quality, besides making mechanized harvest feasible.
Studies related to pre-harvest desiccation for seed production have been conducted mainly in crops such as rice (He et al., 2015) , beans (McNaughton et al., 2015; Tavares et al., 2016) , soybean (Kappes et al. al., 2012) and wheat (Jaskulski and Jaskulska, 2014) . For the soybean crop, several authors report that pre-harvest desiccation allows uniformity of maturation, promoting uniform drying of the pods and seeds, so that it anticipates the harvest without harming the yield and the quality of the seeds, since they do not induce the dehiscence of the pods (Lacerda et al., 2003; Pelúzio et al., 2008; Kappes et al., 2009 ). However, some important aspects should be considered in a seed production system when desiccants are used, such as: mode of action and dose of the desiccant, environmental conditions, phenological stage of the crop at the time of application, possible possibility of toxic residues in the material harvested and influence on seed germination and vigor (Lacerda et al., 2005) .
However, for cowpea, the research is still very incipient regarding the use of desiccant herbicides in anticipation of harvest, as well as the ideal season of application of these products, besides the absence of herbicides registered for this purpose, in Brazil. Hubner Junior and Toledo (2016) , evaluating the viability of cowpea seeds harvested at different seasons after physiological maturity in non-desiccated areas and with pre-harvest desiccation, through the application of the herbicide paraquat, observed that harvest delay reduces the viability and germination of cowpea seeds, regardless of pre-harvest desiccant application.
The herbicides paraquat and glufosinate-ammonium are registered for pre-harvest desiccation in soybeans and beans in Brazil (AGROFIT, 2017) because they are contact action 3 herbicides that do not affect the physiological integrity of the seeds. In addition, paraquat acts as a false electron acceptor in photosystem I, generating free radicals, which cause lipid peroxidation and membrane disruption, leading to desiccation of the plants in a short period (Silva et al., 2007) . Glufosinate-ammonium causes rapid accumulation of ammonia, associated with the destruction of chloroplasts, reduction of photosynthesis levels and reduction of amino acid production, resulting in the inhibition of photosynthesis and cell death (Sauer et al., 1987) . The first symptom is yellowing of foliage and other tissues, followed by wilting and death of the plant, between 7 and 14 days (Silva et al., 2007) .
Although not recommended for pre-harvest desiccation, some studies have been conducted evaluating the use of glyphosate for this purpose in soybean crop (Daltro et al., 2010; Toledo et al., 2014) . Glyphosate is a systemic herbicide that inhibits the action of the enzyme 5-enolpyruvylshikimate-3-phosphate5 synthase (EPSPS) in the route of synthesis of the aromatic amino acids phenylalanine, tyrosine and tryptophan and has slow action, with the death of plants occurring between 10 and 15 days after application (Silva et al., 2007) .
Based on the above considerations, the objective of this work was to evaluate the effect of the application of desiccants at different seasons and of desiccant herbicides on the productivity and physiological quality of cowpea seeds.
MATERIAL AND METHODS
The study was conducted in the field and in the laboratory. In the field, the experiment was carried out from March to July 2015, in the experimental design in randomized blocks with four replicates. The treatments were arranged in factorial scheme 5x4 + 1. The first factor corresponded to five strategies of desiccation: paraquat (400 g i.a. ha ), plus an additional control without desiccant application, where harvesting was performed when 100% of the pods were brown in color.
In the second factor, four seasons of desiccation were evaluated, which were established based on the percentage of pods with certain staining ( Each plot consisted of five rows of 5 m in length, spaced 0.50 m. The three central rows were considered as useful area, 0.50 m being discarded at each end. Planting fertilization was done based on soil chemical analysis, using 200 kg ha -¹ of the formulation N-P-K 08-28-16. The sowing was done on March 2, 2015, using a regulated tractor seeder to distribute 10 seeds per linear meter of row. The cultivar used was BRS Tumucumaque, which has plants with semi-artificial architecture, purple pods and white grains (Oliveira et al., 2014) . The rainfall data and maximum and minimum temperatures for the study period are shown in Figure 2 . During the test, supplementary irrigation was carried out by means of spraying when necessary.
Before the desiccant applications, 10 plants were randomly sampled in each plot, from which seeds were collected to determine the water content by the greenhouse method at 105 ± 3 o C for 24 hours (Brasil, 2009) . The water content of the seeds at seasons I, II, III and IV was 58, 54, 25 and 23%, respectively.
In the application of the desiccants, a costal sprayer maintained at a constant pressure of 200 kPa, equipped with a bar with two XR11002 tips, spaced 0.5 m, with a syrup volume of 200 L ha -1 was used.
After application of the desiccants, the plants were monitored daily until they appeared completely defoliated with dry pods. Harvest was carried out at different seasons, as described in Table 1 . After harvesting, productivity was determined by evaluating all the plants contained within the useful area of each plot, which were manually harvested and dried in the sun; then the pods were threshed manually. When weighing, the water content of the seeds was determined by the greenhouse method, at 105 ± 3 o C, for 24 hours (Brasil, 2009) 
Table 1 -Period of anticipation of harvest, time between sowing and harvest (cycle), period between application of desiccant and harvest and date of harvest of cowpea, in relation to the control without desiccation
(1) for treatments with sequential application, the first application was taken into account. Season I: 50% of the pods with seeds formed, but still with green coloration; Season II: 70% of the pods in the purple coloration; Season III: 90% of the pods in the brown coloration; Season IV: 100% of the pods in the brown coloration; Control: treatment without application of desiccant herbicide and harvested when 100% of the total pods were brown.
Subsequently, the seeds stored in paper bags were kept in an air-conditioned room at a temperature of 20 o C and a relative humidity of 60%, to carry out the following evaluations:
Test of seed uniformity (retention in sieves): Test of seed uniformity (retention in sieves): the total samples of each plot, after weighing, were passed in a set of five-dimensional, inch-sized, metal oblong sieves: 13/64 x ¾ (Sieve 13), 12/64 x ¾ (Sieve 12), 11/64 x ¾ (Sieve 11), 10/64 x ¾ (Sieve 10) and 9/64 x ¾ (Sieve 9). At the end, each fraction retained by sieve was weighed, and the result, expressed as a percentage (Brasil, 2009) . Only the results concerning the sieves 12 and 11 of the uniformity test will be presented and discussed, since they presented, together, seed retention of more than 90%.
Mass of 100 seeds: two subsamples of 100 seeds of the production, obtained in each field repetition, were used to determine the mass, by weighing in a precision scale (0.01 g). At the end, the mass of the 100 seeds was corrected for the water content of 13%.
First germination count: performed in conjunction with the germination test, the number of normal seedlings was evaluated on the fifth day after the start of the test. The results were expressed as percentage of normal seedlings (Brasil, 2009 ).
Germination test: three subsamples of 50 seeds were used for each field repetition, placed to germinate on paper roll (Germitest type), moistened with distilled water in the amount of 2.5 times the weight of the dry substrate. After preparation of the rolls, these were packed in plastic bags and kept in BOD at a constant temperature of 30 o C. The normal seedlings were counted on the 6 eighth day after the test, and the results were expressed as percentage of normal seedlings according to (Brasil, 2009 ).
Sand emergence: it was conducted in a greenhouse, using three subsamples of 50 seeds for each field repetition. These were sown three centimeters deep in plastic trays containing sand washed and sterilized. Irrigation was done with sprays in two irrigations daily. Count of emerged seedlings was performed on the eighth day after sowing. The results were expressed as a percentage.
Emergency speed index: was determined in conjunction with the emergency test. The emerged seedlings were counted daily until stabilization of the number of seedlings. Only seedlings with cotyledons above the substrate were counted. The emergence speed index of the seedlings was calculated according to Maguire (1962) .
The data were submitted to the normality test (Lilliefors) and to the uniformity of variance, and then to the analysis of variance. When the desiccant x desiccation season was significant (p<0.05), the necessary unfolding was performed. The averages were compared by the Tukey test (p<0.05), and the control was compared with the other treatments by the Dunnet test (p<0.05). The statistical analysis of the data was performed with the aid of the Computational Application in Genetics and Statistics GENES (Cruz, 2006) .
RESULTS AND DISCUSSION
The desiccation of the cowpea in season I provided the anticipation of the harvest and consequent reduction of the crop cycle between 9 and 13 days in relation to the treatment without desiccant, while the desiccation in season II resulted in anticipation between 9 and 6 days, with higher reduction rates observed for the desiccants paraquat, paraquat+diuron, glufosinateammonium and sequential application of paraquat (Table 1 ). In the III season, the harvest anticipation was only two days, when the treatments paraquat and paraquat + diuron were applied. The desiccation in the IV season resulted in a prolongation of the cycle in at least five days, due to the necessity of a period between the application of the herbicide and the harvest.
Harvest anticipation is an important factor in seed production when it is intended to harvest a high-quality product, as it allows the maintenance of seed vigor and viability, through the reduction of exposure to potentially unfavorable climatic events (Daltro et al., 2010) . It is worth mentioning that weather conditions such as mild temperatures during the conduction of the test (Figure 1) , provided the prolongation of the crop cycle, highlighting the benefit of desiccation in anticipation of the harvest, according to Oliveira et al. (2014) the cultivar BRS Tumucumaque cycle is 65 to 70 days in tests performed at higher temperatures. However, the same may not be observed for high temperature climate regions, where the natural drying of the plants is much more accelerated, as these conditions may provide a reduction of the crop cycle, so that harvest anticipation does not occur (Lacerda et al., 2001) .
Analyzing the productivity, it was observed that the desiccation of the cowpea plants in the seasons I and II yielded results inferior to those of the control and the other desiccation periods (Table 2) . Pelúzio et al. (2008) also detected significant reductions in the production of soybean seeds when desiccation was performed at a stage prior to physiological maturity, in relation to the other stages and to the control that did not receive desiccant application. According to these authors, this happened because possibly the plant was still translocating photoassimilates to the seed and, with desiccation, the supply stopped, which directly affected the productivity reduction.
For the uniformity test, it was observed that in season I, independently of the desiccant, the percentage of seeds retained in sieve 11 (lowest sieve) was higher than that of control, and the percentage of seeds retained in sieve 12 (highest sieve) was lower than the control (Figure 3) , that is, there was a higher proportion of seeds of smaller size. At this time of desiccation, cowpea plants were found to have a high degree of maturity of pods when compared to later seasons. In the same plant it was possible to observe pods in formation, green, purple and brown. As the desiccants act mainly to damage the plasma membrane structure, there is a sudden cessation in the transport and storage of reserves, not allowing the seeds to complete the maturation Averages followed by the same letter, upper case in the row and lower case in the column, do not differ statistically from each other by the Tukey test (P<0.05). Season I: 50% of the pods with seeds formed, but still with green coloration; Season II: 70% of the pods in the purple coloration; Season III: 90% of the pods in the brown coloration; Season IV: 100% of the pods in the brown coloration; Control: treatment without application of desiccant herbicide and harvested when 100% of the total pods were brown. * They differ from the control by the Dunnet test (P<0.05).
process (Larceda et al., 2001; Marcos Filho, 2015) , which results in larger quantities of immature, malformed and small seeds. This fact can be observed in Table 2 , where it can be observed for the mass variable of one hundred seeds that the desiccation in the seasons I and II resulted in seeds with a lower mass than those collected in the control without desiccation and in the treatments with desiccation in the seasons III and IV.
The lower mass of one hundred seeds with desiccation at seasons I and II is possibly associated with the fact that the seeds did not fully complete phase III at the maturation stage, where, according to Pereira et al. (2015) , the accumulation of dry matter is intensified until reaching the maximum point. In addition, less favorable conditions of relative humidity and temperature during the seed harvest period, as observed in Figure 1 for seasons I and II, may have contributed to the reduction of seed mass, since under these conditions there is acceleration of the respiratory process and of oxidation of reserve substances (Marcos Filho, 2015) .
It is also observed that the desiccation of the plants in season I, with glyphosate and sequential application of paraquat, resulted in the production of seeds of greater mass in relation to the sequential application of paraquat treatment ( Table 2 ). The longer interval between the application and the glyphosate effect contributed to the results obtained. This is because glyphosate is a systemic desiccant whose final effect takes 10 to 15 days after the application, without interrupting immediately the transfer of dry matter to the seed, as it happens with the other evaluated herbicides, that have contact action, but with a faster effect, preventing the seed from continuing to accumulate dry matter (Marcos Filho, 2015) .
In the first germination count and seed germination tests of dried cowpea plants in season I, there was a high incidence of fungi, possibly compromising seed vigor, interfering with the results (Table 3) . The high incidence observed may be related to the fact that the seeds were 8 harvested under unfavorable weather conditions, with frequent incidence of rainfall in the experimental area (Figure 1) , which is why they became more susceptible to fungal infections. However, for the sand emergency test, there was no direct interference of fungi, even for seeds from dried plants at season I (Table 4 ). The possibility of escape by the seedlings, which, when emerging in the sand, leave the contaminated tegument in it, leaving the cotyledons free of these fungi, probably contributed to the results not being compromised.
Analyzing the percentages and the emergency speed index (Table 4) , it was observed that the desiccation of the cowpea plants, regardless of the season, did not affect the physiological quality of the seeds when compared to the control. Hubner Junior and Toledo (2016) also observed that the viability of the cowpea seeds was not influenced by the desiccation of the plants.
Evaluating the isolated effect of desiccants on the emergency speed index (Table 4) , a higher index was observed for seeds from plants desiccated with glyphosate with sequential application of paraquat, in relation to the treatments that received paraquat and glufosinate-ammonium. As discussed earlier, the longer interval between the application and the effect of glyphosate contributes so that the seeds do not immediately interrupt the dry matter transfer during the maturation process, thus producing more vigorous seeds, since the accumulated reserves are responsible for the nutrient supply and energy required for the full manifestation of the vital functions of the seeds and for the formation of seeds of higher physiological quality (Marcos Filho, 2015) .
The application of the desiccants, when the cowpea plants had 50% of the pods with green coloration and seeds formed (season I) and 70% of the pods in the purple coloration (season II), negatively affected the seed yield. However, regardless of the season of desiccation, the physiological quality of the seeds was not affected by desiccant herbicides. 9 Table 3 -First germination (%) and germination (%) counts of cowpea (Vigna unguiculata) seeds from plants submitted to the application of desiccant herbicides at different seasons before harvest and harvested without desiccation Averages followed by the same letter, upper case in the row and lower case in the column, do not differ statistically from each other by the Tukey test (P<0.05). Season I: 50% of the pods with seeds formed, but still with green coloration; Season II: 70% of the pods in the purple coloration; Season III: 90% of the pods in the brown coloration; Season IV: 100% of the pods in the brown coloration; Control: treatment without application of desiccant herbicide and harvested when 100% of the total pods were brown. * They differ from the control by the Dunnet test (P<0.05). Table 4 -Sand emergency (%) and emergence speed index of cowpea (Vigna unguiculata) seeds from plants submitted to the application of desiccant herbicides at different seasons before harvest and harvested without desiccation
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The desiccants paraquat, glufosinate-ammonium and the paraquat+diuron mixture, when applied to cowpea plants with 50% of green-colored pods and with seeds formed (season I), provided an anticipation of the 13 day harvest, but affected the productivity.
